In recent years the use of suction apparatus has become very popular in the diagnosis and treatment of exudative diseases of the paranasal sinuses. The simple rubber bulb suction outfit originally used has in a large measure been supplanted hy the electric vacuum pump, which is much more effective in action. Unfortunately, despite these technical improvements, but little attention has been paid to the physical principles underlying the use of negative pressure, and judging from the report of a discussion of this subject (Laryngoscope 1 ), considerable confusion seems to exist regarding these principles. A disregard of the physics involved has also at times led to extravagant claims for this method of treatment, which are not warranted. by the facts.
Many years ago Uffenorde 2 presented a critique of this subject and, employing a rubber suction bulb, performed some experiments on the antrum of the cadaver to explain the physics involved. Heermann 3 also explained the physics somewhat empirically and based his statements chiefly on clinical evidence.
The experiments which I have performed have been with the electric pump and are similar to but not identical with those of Uffenorde. From the standpoint of physics and for purposes of demonstration, any accessory sinus of the nose may be likened to a glass retort having a single narrow outlet. The position of this outlet varies according to the anatomic structure of the particular sinus. In the frontal sinus the outlet is at the bottom of the cavity; in the antrum and sphenoid sinuses it is very near the top; with the ethmoids the position of the outlet varies with each individual cell.
If such a retort be partially filled with water and have its neck connected by tubing with a suction pump, and if in addition a vacuum gauge be attached, air tight, above the fluid in the retort, we can reproduce very closely the physics of artificial suction applied to the paranasal sinuses. Experiment I. With the retort connected as described above, with the level of the contained fluid below the outlet of the retort, it is evident that upon creating a partial vacuum in the outlet of the retort there will be no movement of the fluid within the vessel, and that the vacuum gauge on the pump and on the retort will register the same.
Experiment II. If the retort be tilted so that the fluid covers the outlet and if a partial vacuum be created in the outlet, the supernatant air in the retort will be under greater pressure than that in the suction bottle, and this unbalanced pressure will force some of the fluid out of the retort. As this occurs the air in the retort may be seen to expand until the vacuum reading in the retort and pump becomes the same, when the flow will cease. Fig. 1 .
In order to withdraw more fluid from the retort the partial vacuum within the latter must be overcome by removing the suction attachment, permitting air under atmospheric pressure to bubble into the retort. Suction may then be reapplied when more fluid will be withdrawn. In order to completely empty the vessel, negative pressure alternating with the admission of air must be employed a number of times, depending upon the degree of vacuum, the diameter of the outlet and the relative amount of fluid and air originally contained within the retort.
Experiment III. A Carrel tube sealed at one end and having two small lateral openings was used. Two retorts, one containing fluid and the other empty, were attached to these lateral openings. Suction was then applied to the open end of the Carrel tube, drawing fluid from the retort into the latter. Upon interrupting the suction and permitting air to rush in, it was found that some of the fluid was forced into the previously dry retort. In this experiment the Carrel tube represented the nasal cavity and the two retorts accessory cavities.
The clinical application of this experiment lies in the possibility of drawing pus out of one sinus and by very suddenly changing from negative to atmospheric pressure forcing the pus into a neighboring and unaffected sinus.
In order to reproduce these experiments under conditions almost identical with clinical experience, the following procedure was adopted:
Experiment IV. Roentgenograms of the head of a cadaver were taken to determine the shape and size of the frontal sinus and antrum. A round trephine opening was then made into the external wall of each of these sinuses. A thick flat piece of glass accurately ground to fit each trephine opening was then inserted as nearly air tight as possible (putty or cement). This glass served as a window through which the behavior of fluids within the sinus conld be observed under varying conditions. A small secondary accessory opening was drilled into each sinns. Throngh this opening the sinus could be filled with fluid, after which the opening could be plugged with a stopper. The posterior nares were closed air tight with rubber balloons. The suction nozzle was then applied to the anterior naris. The fluids used were either water, or preferably starch water, which more closely resembles pus in consistency.
Experiment V. Under these conditions, with the head erect and the antrum almost full, suction failed to lower the level of the fluid. If, however, the head were tilted forward and inclined to the opposite side, suction partially emptied the antrum. Upon discontinuing the suction air could be seen bubbling into the antrum to replace the partial vacuum previously induced by the suction. By repeating this process the antrum could finally be practically emptied.
Experiment VI. Frontal Sinus. The outlet of the frontal sinus was partially plugged with cotton, simulating an inflamed mucosa. \:\Then the sinus was nearly full of fluid the latter did not gravitate into the nose.~With the head erect, upon applying suction part of the fluid was withdrawn. Interrupting the suction, air could be seen entering the cavity. Upon reapplying suction the sinus could be emptied. It will thus be seen that the behavior of fluids in the sinuses was practically identical with that of fluids in the retort.
It may be inferred that to empty the sphenoid it would be necessary to tilt the head forward. The positions of the ethmoid openings are too variable for any general rule. The experi-ment of drawing-fluid out of one sinus by suction and then admitting air to see if the fluid will he forced into adjacent sinus, has not been reproduced entirely to my own satisfaction and requires further trial.
The practical conclusions to be drawn from these experiments arc:
First, in order to drain a sinus by negative pressure the head must be placed in the most favorable position-that is, with outlet of the sinus in the most dependent position.
Second, suction should be interrupted to permit air to force its way into the sinus.
Third, the inrush of air after suction may force part of the secretion withdrawn from a diseased cavity into an adjoining sound cavity. This may be obviated by preventing a too sudden inrush of a large \'olume of air.
Fourth. these experiments do not take into account the pressure oue to exudation of fluid in an inflamed closed cavity.
A I\I odification of the Usual Therapeutic Technic.-The usual method of inducing negative pressure within the nose consist,; in applying the nosepiece of the suction hottle within the nostril, while the other nostril is being blocked by finger pressure, the patient meanwhile closing off the pharynx by phonating or swallowing. The objections to this method are that continuous suction cannot be maintained, while the closure of the pharynx is often incomplete, and the patient is apt to complain of the disagreeable sensation in the throat and cars during the procedure. As \Vells' puts it, "The chief drawbacks to the usc of ordinary suction are, first, the force necessary to he effective is generally attended with considerable pain. and second, we cannot exclude the eustachian tube from its action." :\ccording to the brief statement of Coffin," "The nasal chamber may be closet! either hy instructing the patient to say Ka-Ka-Ka, or the ballooning of a small rubber hulb in the choan<e." rost of the objections cited above may he obviated hy balloon closure of the choana, and it is concerning this method that I wish to speak of more in detail.
The technic is as follows: The in ferior meatus is first cocainized. The finger of a rubber glove makes an admirable balloon. It is inflated to the size of a walnut (using a Politzer bag) and tied off with a cord, having one long and one short end.
To one end of a soft rubber ,catheter a piece of cord about two feet long is tied. The catheter is then passed through the nose and withdrawn through the mouth, bringing the cord after it. This is simpler than the usual method of fishing the cord out of the pharynx.
The catheter is now detached and the balloon tied to the end of the cord protruding from the mouth. The balloon is then drawn into the choana by traction on the nasal end of the string. It is held by the patient or by the .weight of a hemostat.
In addition to this method, I have tried to introduce a long stemmed balloon through the nose and inflating the balloon after it reaches the pharynx. I have also used the Boetscher inflatable postnasal bag, but neither of these methods is as satisfactory as the one described above.
With a banoon in place, one can induce continuous negative pressure in the nasal chamber with but little discomfort to the patient. Sensible children will also tolerate it. My youngest patient was a boy, aged ten years, who received numerous treatments with much benefit. A girl, 16 years old, suffering from pronounced ethmoiditis, recovered after fourteen treatments, although at first it appeared to be an operative case.
The treatment may be prolonged over a considerable period, and the patient can tolerate a higher vacuum up to twenty or twenty-five inches of mercury. Suction may be alternated with air admission as desired.
In conclusion, it may be stated that this method greatly enhances the value of negative pressure in the treatment of sinus disease. 701 RACE STREET.
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A FIG. I   FIg. 1 . A represents a paranual sInus partIally filled wIth ll.uld. B represents the nual chamber. C, a suction bottle appUed to the nostril. When a partial vacuum is created in C, a vacuum is also created In A, but at first a lesser vacuum than in C, as indicated by plus and minus Signs. The fluid will be forced out of A by the unbalanced air pressure until the vacuum readings in A and C become the same, when the flow wllI cease. In order to get any more fluid out of A It will be necessary to allow air to enter A and then to apply suction as before.
